A total of 37 commercial woven fabrics of variable composition, weave type and aerial weight were studied by using the Kawabata Evaluation System for Fabrics (KES-F) and a modified version of the ring method called the "UPC ring method" that was developed by the authors in previous work. The parameters of the KES-F system were correlated with those of the UPC ring method via canonical correlation analysis.
INTRODUCTION
Humans perceive reality via their senses and interpret it in accordance with social and cultural patterns that change in space and time. This is why some realities are perceived differently at different places and accepted or rejected depending on the particular time in history. One paradigmatic example of this phenomenon is so-called "hand", which is the subjective perception one acquires by feeling a fabric to assess properties such as stiffness, smoothness, fluffiness or warmth [1] . In addition to touching, the quality of a fabric can be subjectively assessed by seeing, which allows one to judge its appearance in terms of color, brightness or drape, for example. The decision to buy a fabric is eventually dictated by a weighted combination of the previous sensory perceptions in addition to time-related (fashion, culture) and economic (price) considerations.
Geographic differences in fabric hand assessment have presented a problem in this global society where clothing is frequently designed, produced and used at very distant places from one another. In this situation, any attempt at developing objective alternatives to the subjective assessment of fabric properties is certainly welcome. In recent decades, a number of researchers have strived to develop effective equipment and techniques for measuring fabric hand with two types of methods: direct and indirect, which differ mainly in the properties they assess and in the way the concept of hand is interpreted [2] .
Indirect methods measure properties such as fabric stiffness, bending resistance, roughness or compressibility and establish cross-correlations with the results of subjective assessments performed in parallel. The two best known and most widely used indirect methods are based on the Kawabata Evaluating System for Fabrics (KES-F) [3] and the Fabric Assurance by Simple Testing (FAST) system [4] . On the other hand, direct methods use creative, ingenious techniques intended to mimic the typical response of humans to fabric feel and quantify specific aspects of their perception which have been designated "hand force" or "hand modulus". Direct methods include the ring test and the slot method [5] .
Although the KES-F method was the most widely used to determine fabric hand in the last few decades of the 20 th century, the ring method and its variants have regained popularity because these methods assess fabric properties in much the same way as humans do (i.e. by passing the fabric through the inside of a half-closed hand) [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Also, the equipment needed to perform the test is simple, inexpensive and widely available in textile laboratories
The authors recently reported a variant of the ring test called the "UPC ring method" that can be easily implemented with a conventional dynamometer [5] . The results of the FAST test for 37 commercial woven fabrics spanning a broad range of composition and aerial weight were compared with those obtained using the UPC ring method and regression equations based on canonical correlations between the two were developed. Judging by the results, the UPC ring method allows some FAST parameters to be accurately predicted by using a much more simple, universal and economical test method. http://www.jeffjournal.org Volume 11, Issue 1 -2016 In this work, potential relationships between ring method parameters and mechanical properties of the fabrics as measured with the KES-F method, which was devised to assess fabric hand in terms of the amount of energy used in small deformations undergone by fabrics, as opposed the FAST method, which is used to assess tailorability [5] -were investigated.
EXPERIMENTAL
The KES-F method, which was performed in accordance with its specific requirements [2] , and the UPC ring method, were applied to a total of 37 commercial drapery, shirt making and lining woven fabrics spanning a wide range of composition, aerial weight (50-447 g/m 2 ), weave types and densities as broken out in Table I . The KES-F parameters LC (compression linearity), WC (compression energy), RC (compression resilience), T o (thickness at a 0.5 gf/cm 2 pressure) and T m (thickness at a 50 gf/cm 2 pressure) are conceptually unrelated to the parameters of the UPC ring method, and so is SMD (geometric roughness). Thus, these parameters are excluded from the present study.
Also, the KES-F method cannot measure fabric formability, but this parameter can be estimated from its parameters by using the following equation, proposed by the Australian Wool Textile Objective Measurement Executive Committee (AWTOMEC) [25] : (1) where F denotes formability, B indicates bending rigidity (gf·cm 2 /cm) and EI represents extensibility at 50 gf/cm in the KES-F test. Because formability was determined in correlating the FAST system with the UPC ring method in previous work [5] , it was also included here.
Few studies have compared results of the ring test with KES-F measurements. One simply measured the maximum extraction force (F max ) of 6 specimens of cotton woven fabrics and related the results to various KES-F parameters [4] . This work compares results on a total of 37 specimens of variable composition, weave type and aerial weight, spanning a much more extensive and representative spectrum of conventional woven fabrics. As in the previous study [5] , bending rigidity (B), bending hysteresis (2HB) and aerial weight (W) were found to be closely related to F max (see Table II ). The UPC ring method was implemented by using a polished stainless steel ring of 36 mm in inner diameter (d, radius r = d/2) and 4 mm thick firmly attached to an external support also holding a conventional dynamometer. The dynamometer was used to obtain an extraction force-displacement curve for a circular specimen 300 mm in diameter (Figure 1 ). The testing procedure is described in detail elsewhere [5] The specific KES-F and UPC-RM parameters examined are shown in Table III and Table IV KES-F parameters were globally denoted by the variables x {x 1 … x 11 } and UPC-RM parameters by y {y 1 … y 5 }; the former were used as independent variables and the latter as dependent variables. The instability of the coefficients led to reformulation of the canonical variables in terms of their correlations with the original variables x i and y i , designated "canonical loads". The canonical loads were used to calculate redundancies, namely: the total variance for the eleven x variables explained by the five y variables, which was 37.6%, and that for the five y variables explained by the eleven x variables, which was 67.5%.
As can be seen from Thus, the first pair of canonical variables (u 1 , v 1 ) relates KES-F parameters describing bending rigidity -as can be seen from Eq. (1); F also depends on bending -with the energy needed to extract the specimen through the ring in UPC ring method. Similarly, the second pair of canonical variables (u 2 , v 2 ) relates KES-F elongation deformation with the specimen response to transverse compression during the test (h and DF max ).
Further analysis of the x and y variables most markedly contributing to u 1 (F, 2HB, B) and v 1 (F max , DF max ), respectively, led to the following pair of variables, with a canonical correlation coefficient of 0.947326 and a respective redundancy of 61.6 and 72.7%: Similarly, further analysis of the x and y variables most markedly contributing to u 2 (LT, WT, EMT) and v 2 (h, DF max ), respectively, provided the following pair of variables with a canonical correlation coefficient of 0.839869, and a respective redundancy of 57.7 and 38.1%: Figure 5 is a plot of scores between the sets of variables x and y as derived from the canonical variables u 2 and v 2 . The canonical variable u 1 (a linear combination of B, 2HB and F) was found to be correlated with v 1 (a linear combination of F max and D max ), and so was u 2 (a linear combination of LT, WT and EMT) with v 2 (a linear combination of h and DF max ). Also, each KES parameter in variable u 1 was linearly related to the parameters in variable v 1 of the UPC ring method via least-squares fitting. Although the regression equations obtained were significant (p < 0.05), their coefficients of determination (R 2 ) were all less than 0.70. Therefore, these empirical equations are not useful in practice to predict KES parameters from ring-method parameters.
CONCLUSION
In this work, mechanical properties of 37 commercial fabric specimens were assessed by using two objective evaluation systems: KES-F and the UPC ring method.
Two canonical variables correlate with P = 0.0000 the KES-F parameters with the UPC ring method parameters with a coefficient of 0.96 and 0.85. A simplification of the previous correlations allows the relationships between the two methods to be approximated as follows: the variables defining bending deformation (parameters B, 2HB and F) are related to the amount of energy needed to extract the specimen and the distance it travels through the ring (F max and DF max ) in the UPC ring method; also, elongation deformation (parameters LT, WT and EMT) in KES-F is related to parameters explaining the morphology of the specimen during the test.
The results of this research, together with those of a previous paper (5), testify to the effectiveness of the UPC Ring method as an industrially attractive alternative to classical systems for objective assessment of fabrics.
